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A b s t r a c t  Matrix metalloproteinases such as collagenase 
and stromelysin are recognised as important cartilage-de- 
grading enzymes in the pathophysiology of rheumatoid 
arthritis. Synovial fibroblasts and macrophages are the 
major cellular components of rheumatoid synovium, but 
the regulation and relative expression of collagenase and 
stromelysin by these two cell types remains uncertain. 
Using in vitro cultures of adherent rheumatoid synovial 
cells we have examined the coordinate or separate ex- 
pression of collagenase and stromelysin-1 by dual immu- 
nolocalisation and Western blotting techniques. Synovial 
fibroblasts, when activated by macrophage-derived prod- 
ucts in primary culture or by interleukin-1/phorbol myri- 
state acetate in subcultures, released significant quanti- 
ties of collagenase and stromelysin in their inactive, pre- 
cursor forms. The ratio of released procollagenase: prost- 
romelysin varied between different synovial cell prepara- 
tions. Dual immunolocalisation studies demonstrated 
both coordinate and separate expression of the two en- 
zymes by single cells. Approximately 80% of the activat- 
ed fibroblasts, especially those with stellate morphology, 
showed co-expression of both enzymes. By contrast sy- 
novial macrophages had a modest or negligible capacity 
to elaborate either enzyme under the same in vitro condi- 
tions. In many fibroblastic cells both collagenase and 
stromelysin were co-localised to the perinuclear Golgi 
region and the same cytoplasmic compartments. Vesicu- 
lar structures appear to provide intracellular transport for 
both enzymes to sites of secretion. Both enzymes 
showed preferential pericellular binding to a collagenous 
substratum rather than any association with the plasma 
membrane/cell surface. 
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Introduction 

The family of matrix metalloproteinases (MMPs) in- 
cludes the collagenases, stromelysins, gelatinases and 
matrilysin, enzymes considered to play important roles 
in connective tissue degradation both in physiological 
and pathological conditions [2, 16]. The importance of 
these enzymes in the pathophysiology of arthritic joint 
destruction is supported by numerous studies of rheuma- 
toid synovial tissue [4, 14, 20, 21, 37, 39]. In vitro stud- 
ies have shown the metalloproteinases to be secreted 
from various connective tissue cell types as inactive pre- 
cursors, requiring activation by limited proteolysis of the 
N-terminal propeptide [17, 18]. Primary cultures of ad- 
herent rheumatoid synovial cells, and subcultured syno- 
vial fibroblasts, have been used by various researchers to 
study the synthesis and regulation of metalloproteinase 
expression [12, 20, 29, 40]. Such studies have usually 
provided information on the synthesis and release of spe- 
cific MMPs, but the regulation of co-ordinate expression 
of two or more enzymes from individual cells in culture 
remains poorly understood. Murphy et al. [15] reported 
that stimulated chondrocyte cultures showed most cells 
to produce both collagenase and stromelysin, with a few 
cells producing only one enzyme. MacNaul et al. [12] 
showed that collagenase and stromelysin were not al- 
ways coordinately expressed by activated synovial cells, 
these showing a differential MMP response to specific 
pro-inflammatory cytokines and phorbol myristate ace- 
tate (PMA). Several studies have concluded that different 
cell types show disparate MMP responses to specific ac- 
tivating agents [8, 13, 35] and others have related chang- 
es in cell morphology to the regulation of MMP expres- 
sion [6, 31, 36, 40]. 

Primary cultures of adherent rheumatoid synovial 
cells (ASC) are mainly comprised of fibroblasts, macro- 
phages and a variable proportion of dendritic or stellate 
cells known to represent prostaglandin E 2 (PGE2)-acti- 
vated fibroblasts [6]. These ASC cultures produce large 
quantities of MMPs and prostaglandins, and the dendritic 
fibroblasts are recognised as the major source of collage- 
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nase [40, 41]. Recent  studies have shown that subcul- 
tured synovial  fibroblasts may be stimulated to produce 
both collagenase and stromelysin [12], gelatinases A and 
B [31], and stromelysin and gelatinase B [29]. Earlier 
immunolocal isat ion studies of  cells in culture have noted 
that immunoreact ive  collagenase was often confined to 
perinuclear regions interpreted as Golgi  apparatus, and 
occasionally appeared as fine granular inclusions of  the 
cytoplasm [10, 23, 26, 30, 41]. Similar observations were 
reported for the immunolocal isat ion of  gelatinase A [24, 
27] and gelatinase B [29], but the intracellular packaging 
and transport mechanisms for each of  these enzymes  pri- 
or to secretion remains uncertain. Since there is evidence 
that each of  the four metalloproteinases may  be separate- 
ly or coordinately expressed, and that each enzyme may  
respond to different regulatory signals [12, 28, 32, 35], 
we have examined the product ion of  collagenase and 
stromelysin in both pr imary and passaged ASC. We re- 
port here that synovial  flbroblasts in culture demonstrate 
both coordinate and separate product ion o f  these two 
metalloproteinases,  and that when co-expressed both en- 
zymes  appear to be localised within the same cytoplas- 
mic compartments.  

Materials and methods 

Fig. 1 Demonstration of specificity for the antisera to collagenase 
and stromelysin using Western blotting. Purified procollagenase 
and progelatinase A preparations (lane I), prostromelysin and pro- 
gelatinase B (lane 2) and all four enzymes (lane 3) were run on 
SDS-PAGE and stained with silver. The mixture of the four en- 
zymes were also run in lanes 4 and 5, electrotransferred onto ny- 
lon membrane and probed for collagenase (lane 4) and stromely- 
sin (lane 5), respectively. No evidence for cross-reactivity was ob- 
served 

stromelysin were used at dilutions of 1:500 and 1:1000, respec- 
tively. The secondary anti-species antibodies were biotin-conjugat- 
ed and were used at dilutions of 1:1000, followed by linkage to 
streptavidin-conjugated horseradish peroxidase (all from Dako, 
Glostrup, Denmark). Colour development was achieved using the 
chromogenic substrate 3,3'-diaminobenzidine tetrahydrochloride 
(DAB) for peroxidase. 

Purification of human interstitial collagenase (pMMP-l) 
and stromelysin (pMMP-3) 

Procollagenase was purified from serum-free conditioned culture 
medium derived from the breast carcinoma cell line 8701-BC [1], 
stimulated with 4[~-phorbol-12-myristate 13-acetate,25 ng/ml. Pro- 
collagenase was purified using sequential fractionation on Green 
Dye Matrex ion-exchange resin, gelatin-agarose and Heparin-Se- 
pharose affinity chromatography as described previously [11, 19]. 

Prostromelysin was purified from serum-free conditioned me- 
dium derived from rheumatoid synovial fibroblasts stimulated 
with interleukin-lct (0.5 ng/ml) and tumour necrosis factor-c~ (30 
ng/ml). Purification was achieved by sequential fractionation on S- 
Sepharose, Green Dye Matrex and Heparin-Sepharose as previous- 
ly described [1 l, 19]. 

Homogeneity of both enzymes was confirmed by silver stain- 
ing following sodium dodecyl sulphate-polyacrylamide gel elec- 
trophoresis (SDS-PAGE). 

Antibodies 

Sheep antiserum to collagenase was prepared as described previ- 
ously [38], and rabbit antiserum to stromelysin-1 was prepared us- 
ing the pure antigen and conventional immunisation procedures. 
Each antiserum was examined for specificity by Western blotting 
against each of four MMPs, viz. collagenase, stromelysin-l, gela- 
tinase-A and gelatinase-B [11]. No cross-reactivity was shown and 
each antiserum reacted only with the precursor and activated 
forms of the specific immunogen (Fig. 1). 

Electrophoresis and Western analysis 

SDS-PAGE and Western blot analysis was carried out as described 
by Okada et al. [19], where samples resolved by SDS-PAGE under 
non-reducing conditions were electrotransferred onto Zetaprobe 
GT nylon membrane (BioRad, Richmond, Calif.). The primary an- 
tibodies, sheep anti-(human) collagenase and rabbit anti-(human) 

Cell cultures 

Rheumatoid synovial tissue obtained at remedial synovectomy or 
arthroplasty from patients with classic rheumatoid arthritis was 
enzymically dissociated as described previously [29]. One millili- 
tre of a cell suspension containing approximately I xl04 cells ml -I 
Dulbecco's Modified Eagles' Medium(DMEM) +I0% fetal calf 
serum (FCS, Gibco, Life Technologies Ltd., Paisley, UK) was add- 
ed to each well of a 12-well culture dish containing a sterile 19- 
ram-diameter glass coverslip. After 24h at 37°C in a 5% 
CO2:95% air incubator with humidified atmosphere, each well 
was washed three times with Hanks' balanced salt solution 
(HBSS, Gibco) to remove the non-adherent cells. The medium 
was replenished and the ASC were incubated for a further 24 h. 
Monensin (Sigma, UK) at a final concentration of 3 laM was added 
for 4 h prior to fixation for immunocytochemical studies. Alterna- 
tively, the ASC were grown on coverslips coated with thermally 
reconstituted collagen as described previously [40]. 

Subcultures of ASC (passage numbers from 3 to 6) were stim- 
ulated with interleukin-lc~ (IL-1, 0.5 ng/ml; gift from Dr. D.West- 
macott, Roche Products,Welwyn Garden City, UK), PMA (25 
ng/ml; Sigma, UK) or PGE 2 (1 b~g/ml; Sigma, UK) for either 24 or 
48 h incubations. 

Immunocytochemistry 

ASC on glass coverslips were briefly washed twice with HBSS, 
fixed in 70% ethanol for 5 min, air dried and stored dessicated at 
4°C until required. Cells were rehydrated in 50 mM TR1S-buf- 
fered saline (TBS) pH 7.4 and examined for metalloproteinases-I 
and -3 using primary antisera at dilutions of 1:50 in TBS. Fluores- 
cein isothiocyanate (FITC)-conjugated rabbit anti-sheep IgG 
(Dako, UK), Texas-red-conjugated donkey anti-rabbit IgG 
(Amersham, UK) and FITC-conjugated swine anti-rabbit IgG 
(Dako) were used as secondary antibodies where appropriate and 
diluted in TBS at concentrations specified by the supplier. 

Control incubations with buffer only and similar dilutions of 
relevant non-immune sera showed no fluorescence. Similarly, no 
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Fig. 2a-h Immunolocalisation of collagenase and stromelysin in 
primary and subcultured adherent rheumatoid synovial cells 
(ASC) following addition of monensin, a Immunoreactive collage- 
nase demonstrated by FITC in a primary culture of ASC. Juxta- 
nuclear positive staining is pronounced in cells with fibroblastic 
morphology. Note not all cells are positively stained, b Immunore- 
activecollagenase localisation by FITC in subcultured (p4) ASC. 
Note little or no staining for nearly all cells, c Subcultured ASC 
from same preparation as in b immunostained for collagenase by 
FITC following stimulation with interleukin-1 (IL-1) and phorbol 
myristate acetate (PMA). Nearly all cells are positive and show 
strong perinuclear staining, d Immunoreactive stromelysin demon- 

strated by FITC in a primary culture of ASC. Note pronounced 
juxtanuclear staining in cells of fibroblastic rather than those with 
a rounded, macrophagic morphology, e Immunoreactive stromely- 
sin localisation by FITC in subcultured (p4) ASC. Note little or no 
staining for nearly all cells f Subcultured ASC from the same 
preparation as e, stimulated with IL-1 and PMA and subsequently 
stained for stromelysin. Most cells showed pronounced perinucle- 
ar and cytoplasmic FITC staining, g, h Negative controls. Subcul- 
tured ASC stimulated with IL-1 and PMA, and the immunoad- 
sorbed anti-collagenase and anti-stromelysin used as primary anti- 
bodies respectively. No positive staining observed, a-h Bar=-lO 
gm. x800 
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positive staining was noted after immunoadsorption of the anti- 
bodies (achieved by the addition of 10 ~tg purified antigen to 500 
~tl diluted antibody for 1 h at 22 ° C followed by centrifugation at 
2000 g and application of the supernatant to the cells). 

The cells were examined and photographed using a Zeiss pho- 
tomicroscope III with filter sets for FITC and Texas-red. 

The proportion of cells staining positive for each enzyme was 
estimated from 8 different fields with X40 objective, and a mini- 
mum total of 80 cells per culture being assessed. 

Macrophages were identified in the primary cultures using a 
monoclonal antibody to CD68 (Dako) and a Texas-red-conjugated 
anti-mouse IgG secondary antibody (Amersham). 

Procedures for dual localisation of collagenase (FITC) 
and stromelysin (Texas-red) 

Rabbit anti-stromelysin and sheep anti-collagenase were added to- 
gether as primary antibodies for 1 h followed, after washing 3x10 
rain in TBS, by Texas-red-conjugated swine anti-rabbit IgG (1 h) 
and, after a further 3 washes, by FITC-conjugated rabbit anti- 
sheep IgG (1 h). 

Control incubations to assess problems of cross-reactivity of 
both primary and secondary antibodies with the various species of 
immunoglobulin employed were exhaustively tested and found to 
be satisfactory. Each secondary antibody was shown to be specific 
for its species IgG, and antigen absorption as described earlier of 
both primary antibodies eliminated all fluorescence. 

Results 

Immunolocal isa t ion studies on pr imary ASC cultures 
showed that both collagenase and stromelysin were al- 
most  exclusively produced by the cells with fibroblastic 
or stellate morphology  (Fig. 2a, d). By  contrast, little or 
no enzyme was demonstrated for the smaller rounded 
cells shown to be macrophages  by the CD68 marker (not 
shown). Both enzymes  were secreted and released by the 
cells as shown by Western blot analysis of  48 h condi- 
t ioned medium derived f rom three primary ASC cultures 
(Fig. 3). Interestingly each condit ioned medium suggest- 
ed a higher proport ion o f  stromelysin compared to colla- 
genase, but the ratio of  these two enzymes  appeared to 
be different for each primary culture, as judged by visual 
intensity of  staining (Fig. 3). Little evidence was found 
for any processing or activation o f  the precursor forms of  
collagenase and stromelysin in these three pr imary cul- 
tures. 

Subcultured synovial fibroblasts beyond  passage 
number  4 showed little or no immunocytochemica l  evi- 
dence for collagenase and stromelysin production (Fig. 
2b, e), but fol lowing stimulation with IL-lc~ (0.5 ng/ml) 
and P M A  (25 ng/ml) both enzymes were expressed by 
nearly all the cells (Fig. c, f). This stimulation also in- 
creased PGE production, which is known to induce the 
reversible morphological  transformation f rom a fibro- 
blastic to stellate appearance [6]. 

Since it was previously reported that the stellate syno- 
vial cells were major  producers of  collagenase in vitro, 
and released a form that remained bound to a collagen 
substratum [40], we examined whether this transformed, 
"activated" fibroblast might  also have the ability to di- 
rectly activate the precursor forms of  the two enzymes.  

Fig. 3 Western blot analysis of collagenase and stromelysin in 
conditioned media from three different primary ASC cultures (a, b 
and c). Evidence for collagenase production and secretion is 
shown in la-c, and stromelysin production and release in 2a-c. 
Purified procollagenase (10 lag/ml), lane 1, and purified prost- 
romelysin (10 gg/ml), lane 2. Note different staining ratios of col- 
lagenase to stromelysin in each of the three samples (a, b and c) 
and that the precursor forms of each enzyme predominate. Lanes 
ld and 2d are standards of purified active collagenase and strome- 
lysin respectively, following activation of precursors with 2 mM 
aminophenylmercuric acetate [ 11 ] 

Confluent  synovial fibroblast cultures were incubated 
with P M A  and PGE 2 for 48 h, during which most  of  the 
cells assumed the stellate morphology.  The condit ioned 
culture medium from these cultures was subjected to 
Western blot analysis, which showed a significant in- 
crease in collagenase and stromelysin production. How- 
ever, no evidence was found for the processing or activa- 
tion of  either procol lagenase or prostromelysin,  even 
when the cells were incubated with P M A  and PGE 2 to- 
gether with added plasminogen (20 ~tg/ml) (data not 
shown). Such observations suggest that the stellate cells 
were not producing functional p lasminogen activator and 
do not have the capacity to elaborate active collagenase 
or stromelysin under these in vitro conditions. 

Fig. 4a-h Dual immunolocalisation of collagenase and stromely- 
sin in rheumatoid synovial cell cultures, a Subcultured ASC (p4) 
stimulated with IL-1 and PMA, treated with monensin, and immu- 
nostained for collagenase with FITC. Note high staining intensity 
of the stellate cell and the presence of brightly stained compart- 
mental inclusions (arrows) along the cytoplasmic extensions of the 
cell. b Same field as in a stained for stromelysin with Texas-red. 
Note similar areas are positively stained and the "inclusions" along 
the extensions match those positively stained in a. c Subcultured 
ASC (p4) stimulated with IL-1 and PMA, treated with monensin, 
and immunostained for collagenase with FITC. Note intracellular 
compartments (arrows) and vesicular inclusions, d Same field as c 
stained for stromelysin with Texas-red. Note intracellular compart- 
ments and inclusions similar to those in c. e Primary culture of ad- 
herent synovial cells, monensin treated and subsequently stained 
for collagenase with FITC. Approximately half the cells have pos- 
itive staining in perinuclear regions. Note the presence of negative 
fibroblastic cells (arrows). f Same field as e stained with Texas-red 
for stromelysin. Note all cells are positive for this enzyme with the 
three cells shown in e preferentially expressing stromelysin (ar- 
rows), g Dendritic cell on a collagen substratum (no monensin) 
stained for stromelysin with FITC. Note collagen-bound extracel- 
lular enzyme associated with the extensions of the cell, and intra- 
cellular vesicular staining, h Stellate cell from primary ASC cul- 
ture immunostained for stromelysin with FITC following monen- 
sin treatment. Note numerous positive "packages" or vesicles with- 
in the cell, and particularly along the cytoplasmic extensions, a-h 
Bar=lO gin. xS00. F1TC- and Texas-Red-conjugated secondary an- 
tibodies were supplied by Dako Ltd., Buckinghamshire, UK and 
Amersham International plc.0 Buckinghamshire, UK, respectively 
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Table 1 Immunocytochemical summary of collagenase and 
stromelysin production by synoviocytes in culture (n=8). + to 
++++ denotes intensity of juxtanuclear (Golgi) staining. Figures 
represent the estimated percentage of cells in culture staining posi- 
tive 

Collagenase Stromelysin 

Primary culture: 
"Stellate" cells +++ >80% ++++ >80% 
Fibroblasts ++ -50% +++ -50% 
Macrophages + <5% + <5% 

Subcultured cells: 
Fibroblasts + <5% + <5% 
Subcultured cells + IL-1 and PMA: 
"Stellate" cells ++++ >90% ++++ >90% 
Fibroblasts ++ >90% +++ >90% 

Dual immunolocalisation studies of collagenase and 
stromelysin in ASC cultures have shown both the com- 
bined and separate expression of both enzymes by indi- 
vidual cells. In general, the ASC cultures produced a 
more marked response for stromelysin than collagenase, 
as judged by both localisation and Western blot analysis. 
Most "activated" cells, either in primary cultures or IL- 
1/PMA-stimulated subcultures, demonstrated the co-ex- 
pression of the enzymes, although a small proportion of 
cells showed a preferential expression of stromelysin 
(Fig. 4e, f). PMA-induced activation of synovial fibro- 
blasts clearly demonstrated that the stellate morphology 
was commonly associated with an increased expression 
of MMPs, immunoreactive enzyme being distributed 
throughout the Golgi and cytoplasmic extensions (Fig. 
4a, b, h). In contrast, the typical fibroblastic morphology 
usually showed immunoreactive enzyme restricted to a 
perinuclear Golgi location. Of particular interest was the 
observation in both cell morphologies of cytoplasmic 
compartments positively stained for both enzymes, indi- 
cating not only that both enzymes were synthesised si- 
multaneously within the Golgi, but also that they may be 
packaged together for intracellular transport (Fig. 4c, d). 
Such observations were commonly seen for ASC cul- 
tures irrespective of whether or not monensin had been 
added. 

This packaging of the enzymes within cytoplasmic 
compartments was evident in stellate cells grown either 
on glass or a collagen substratum. An example of the lat- 
ter is shown in Fig. 4g, where a stellate cell demonstrates 
both intracellular and extracellular collagen-bound 
stromelysin. The latter was occasionally observed as 
"FITC footprints", where secreting cells had become de- 
tached from the collagen during preparation (not shown). 
This extracellular, collagen-bound stromelysin was usu- 
ally restricted to the immediate, pericellular location of 
cells, indicating a strong binding affinity of the enzyme 
for the collagen substratum, rather than an association 
with the cell surface. Indeed the consistent observations 
of a proportion of totally negative cells (e.g. Fig. 4g) in 
cultures containing high levels of released pMMPs 
strongly suggests that these enzymes are not effectively 

bound to the cell surface of synovial fibroblasts or mac- 
rophages. The stellate cell (Fig. 4h) shows clear evidence 
for intracellular packaging of MMP-3 in discrete com- 
partments and vesicles of variable size. 

Table 1 provides a summary of collagenase and 
stromelysin production by ASC and represents immuno- 
localisation observations derived from eight different sy- 
novial cell preparations all treated with monensin prior 
to fixation. Stellate or dendritic cells were the major 
source of both collagenase and stromelysin with approxi- 
mately 80% of all stellate cells in primary cultures show- 
ing pronounced staining. Similarly, in subcultured syno- 
viocytes treated with IL-1/PMA almost all cells with the 
stellate morphology consistently produced a more in- 
tense staining for both enzymes. By contrast, only a few 
macrophagic cells of primary cultures, and non-stimulat- 
ed synoviocytes of subcultures, showed weak immunolo- 
calisation for collagenase and stromelysin. Primary ASC 
cultures not treated with monensin (n=10) showed quali- 
tative similarities, but quantitatively less staining. 

Discussion 

This study has demonstrated that rheumatoid synovial fi- 
broblasts, when activated by macrophage-derived prod- 
ucts in primary cultures or by IL-1/PMA in subcultures, 
produce significant quantities of collagenase and strome- 
lysin. Most of the activated fibroblasts, and especially 
those with the stellate or dendritic morphology, showed 
dual expression of these enzymes. Moreover, in many 
cells both collagenase and stromelysin were co-localised 
to the same cytoplasmic compartments, providing evi- 
dence that intracellular transport, and presumably secre- 
tion, may be an integrated event for these two enzymes. 
However, a minority of the positively stained cells 
(<10%) showed the expression of only one enzyme, usu- 
ally stromelysin. Thus, this study indicates that rheuma- 
toid synovial fibroblasts subjected to activation in vitro 
may express collagenase and stromelysin either coordi- 
nately or separately. Our observations suggest that MMP 
transport within the cell is achieved via enzyme "packag- 
es", especially along cytoplasmic extensions to sites of 
secretion, thereby allowing deposition of MMPs at tissue 
sites remote from the main body of the cell. However, 
further ultrastructural studies are needed to provide con- 
clusive evidence for this. 

An ultrastructural immunolocalisation study of pro- 
collagenase in human gingival fibroblasts demonstrated 
procollagenase in membrane-coated vesicles at the Golgi 
complex, and transportation via large extended vesicles 
to the surface of the cells [30]. The present study is in 
general agreement with those findings, but provides evi- 
dence that both procollagenase and prostromelysin are 
packaged within the same cytoplasmic compartments. 
Such observations lend weight to the concept, based on 
biochemical studies, that active stromelysin is a require- 
ment for the complete activation of the collagenase pre- 
cursor [9, 17, 18]. The packaging and secretion of both 



enzymes appears to be a common feature of IL-1/PMA- 
activated synovial fibroblasts, but it is uncertain whether 
this response is similar for other fibroblast-activating 
factors. 

Unique patterns of MMP synthesis have been ob- 
served in many studies, suggesting that each enzyme is 
subject to specific regulatory signals and has distinct ex- 
tracellular functions. [3, 8, 12, 22, 25, 35]. This concept 
is supported by numerous reports which demonstrate 
specific biological control mechanisms for the regulation 
of both individual and coordinate MMP expression [7, 
22, 27-29, 35]. Monocyte-macrophages have been 
shown to have a different capacity for MMP expression 
than fibroblasts [29, 35] - observations supported by this 
study, which shows the synovial macrophages to have a 
modest capacity to elaborate collagenase and stromelysin 
compared to synovial fibroblasts under identical in vitro 
conditions. 

Kinetic studies using fibroblast cultures have shown 
that collagenase is rapidly released from the cells after 
biosynthesis and post-translational processing, without 
any significant intracellular storage [2, 33]. The monova- 
lent ionophore monensin has been used in several studies 
to prevent secretion and to demonstrate an intracellular 
accumulation of collagenase and other metalloprotein- 
ases [10, 24]. Such studies have indicated that the rate of 
enzyme secretion under physiological conditions proba- 
bly reflects de novo synthesis and not intracellular stor- 
age. Our cell culture studies were performed both with 
and without the addition of monensin. Although the lat- 
ter results in an increased intracellular distribution for 
both enzymes, no qualitative differences were observed 
for the intracellular localisation. Thus the vesicular 
structures and their content were not a consequence of 
monensin effects. 

Secretion of collagenase by synovial fibroblasts in 
culture was previously shown to reflect a uniform release 
of enzyme across the whole plasma membrane, as 
judged by collagenase "footprints" of similar FITC stain- 
ing intensity on a collagen substratum [40]. Similar ob- 
servations were seen for the release of stromelysin by sy- 
novial fibroblasts, the enzyme appearing to bind to the 
collagen substratum underlying the cells. Trabandt et al. 
[30] concluded from their ultrastructural studies that col- 
lagenase released from extracellular vesicles became as- 
sociated with the plasma membrane of the gingival fibro- 
blasts. We have little evidence from our studies that this 
occurs for synovial fibroblasts. ASC cultures in the ab- 
sence of monensin seldom showed immunoreactive en- 
zyme for the cell surface even though high levels of both 
enzymes were present in the culture medium. 

Western blot analyses have clearly demonstrated that 
different preparations of primary ASC, and activated fi- 
broblasts from subcultures, produce different quantitative 
ratios of collagenase and stromelysin. Whereas PMA ac- 
tivation of subcultured fibroblasts produced a more equal 
ratio of the two enzymes, primary cultures usually 
showed a greater quantity of stromelysin compared to 
collagenase. As yet we do not know whether the corn- 
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partmental content of the two enzymes reflects the en- 
zyme ratio monitored extracellularly. Since a small pro- 
portion of cells within a single culture may show prefer- 
ential production of either collagenase or stromelysin 
alone, it would seem that a defined quantitative relation- 
ship of collagenase and stromelysin production is unlike- 
ly. Moreover, this latter observation also confirms that 
the antibodies used in the dual localisation study were 
not showing cross-reactivity. 

Our observations support the concept that "activated" 
synovial fibroblasts, especially those with stellate mor- 
phology, produce both collagenase and stromelysin in a 
coordinate manner. Moreover, both enzymes appear to be 
packaged within the same cytoplasmic compartments and 
smaller vesicles which presumably permit intracellular 
transport to sites of secretion. Both enzymes remained in 
the precursor form after secretion, even in the presence of 
added plasminogen, indicating that even stellate synovial 
fibroblasts were unable to activate or process the MMP 
precursors under these in vitro conditions. Similarly, no 
precursor processing was observed in primary ASC cul- 
tures which contained plasminogen derived from FCS, 
and macrophages which are known to produce plasmino- 
gen activator [34]. Whether this reflects an excess of se- 
creted inhibitors (either tissue inhibitors of metallopro- 
teinases or inhibitors of plasminogen activator) remains 
to be examined. Lastly, both enzymes showed preferential 
binding to a collagenous substratum rather than an associ- 
ation with the plasma membrane or cell surface. 

Since both collagenase and stromelysin-1 have been 
demonstrated by immunolocalisation and in situ hybrid- 
isation in freshly excised rheumatoid tissues [7, 14, 29], 
including sites of cartilage erosion [39], our observations 
strongly suggest that the synovial fibroblast is potentially 
the major source of both enzymes. By contrast if these in 
vitro observations can be extrapolated to in vivo cell be- 
haviour, it would appear that the macrophage has the po- 
tential to produce relatively little collagenase or strome- 
lysin-1, but its ability to express the proinflammatory 
cytokines tumour necrosis factor-o~ and IL-1 [5] would 
be of major importance for the induction of these two 
metalloproteinases by synovial fibroblasts. 
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